CONSTRAINED IDENTIFICATION FOR ADAPTIVE CONTROL: APPLICATION TO BIOMEDICAL SYSTEMS
For ill defined, time varying, or nonlinear systems, adaptive controllers offer an attractive alternative to classical design techniques. These controllers require minimal information. Ironically, the information that is available is often discarded. As a result, control may become unstable. If the available information could be used instead of discarded, the instability might be avoided.
We therefore developed a real-time algorithm that imposes linear equality and inequality constraints on a time series model of the process. Thus commonly available information, such as open loop stability, settling time, and steady state gain, can be incorporated into the control. When the information is imposed according to our guidelines, control errors due to mismodeling can he significantly attenuated (in one instance, we reduced the mean squared output error by more than two orders of magnitude).
We demonstrate our algorithm in two practical biomedical applications. In the first, we consider second order linear compartmental models (a popular model for pharmacodynamical systems). We develop novel constraints for these models. Then, as an example, we control plasma and tissue concentrations of methotrexate, an antimetabolite used in the treatment of certain neoplastic diseases. Our results show that the constraints improve both controller performance and patient safety.
In the second biomedical application, we lower mean arterial pressure with a vasodilator. This system is nonlinear and time varying; hence it can be difficult to control. We simulate this system with a series of models that are progressively more complex. For each model, we develop suitable constraints which we then impose during control. As the models become more complex, we show that the constraints become more important for safety and improved control.
While pursuing this work, we discovered a simple modification that significantly improves the efficiency and accuracy of positive semi definite complementary linear programming (a technique for solving quadratic programs). We prove its validity and modify the pivot selection rules to implement least distance programming. Fourier transform magnetic resonance imaging utilizes temporally varying linear magnetic field gradients to encode spatial information. These gradient waveforms influence image properties such as resolution, signal-to-noise ratio, and sensitivity to motion. This thesis presents a general formalism for the design of gradient waveforms using nonlinear constrained optimization. Methods of formulating and solving the op-timal waveform design problem are described, and example waveforms and images are displayed for a variety of design objectives and constraint sets. Artificial constraints on waveform shape imposed by multilobe waveform designs are eliminated by defining the waveform as a set of discrete amplitudes. These amplitudes are determined subject to the constraints defined by imaging conditions and the specific gradient hardware system of interest. Most waveform design objectives are expressed as linear or quadratic functions of the discrete parameter set, and most constraints as linear functions. Linear and quadratic programming techniques are thus utilized to solve the optimization problem and generate physically realizable waveforms, which optimally achieve specific imaging and motion artifact reduction goals.
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Another important aspect of gradient waveform design explored in this thesis is the relationship between gradient waveform time moments and motion sensitivity. Theoretical analysis, computer simulations, and experiments with a computercontrolled, linear, motion phantom reveal several key points. In general, waveform time moments define sensitivity to the time derivatives of position of moving material only at a single point in time: the time about which the moments are computed. A Taylor's series description of instantaneous position is expanded at this point in time to compute the phase acquired due to specific derivatives of position. A moment is representative of the phase sensitivity to a particular derivative of position throughout the waveform only when sensitivity to all lower order derivatives is zero. The choice of the moment center or point of expansion adds a degree of freedom, which may be used advantageously in the design of motion compensating and motion phase encoding gradient waveforms. These concepts are demonstrated by human imaging examples, and may prove useful in MR angiography and echo planar imaging. In single photon emission computed tomography (SPECT), projection data Y collected by a gamma camera are used to reconstruct an unknown isotope concentration map X. In this thesis, the physics of SPECT-including photon attenuation, photon scatter, camera geometry, and the Poisson nature of radioactive decay--are modeled in a probabilistic framework up to camera specific parameters. A calibration device is used in experiments to measure the values of these camera specific parameters.
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The discrete attenuated Radon transform A specifies the process by which the original image X is transformed into the data Y. That is, the data are described by a degradation model, P( Y] X), which is a Poisson distribution with mean AX. The entries in the matrix A are derived from the comprehensive probabilistic model of the physics of SPECT.
